INFILTRATION by lymphoreticular cells* is a common feature of many human malignant neoplasms. The infiltrate is often dense, particularly in peripheral regions, and is a regular feature of some types of tumour, notably seminoma of the testis, medullary carcinoma of the breast and malignant melanoma.
The precise significance of the phenomenon is unclear although it has excited much speculation for over 100 years. Recently, however, the favourable association between lymphoreticular infiltration and prognosis has become widely known and has acquired immunological and defensive connotations. The purpose of this paper is to reviewexistingknowledgeof this subject, with particular emphasis on prognostic associations, direct observations and immunological aspects, and to compare and contrast the naturally occurring local lymphoreticular response to human tumours with other situations in which the activity of infiltrating lymphoreticular cells is understood more clearly. EARLY OBSERVATIONS Interest in the stromal response to neoplasia began during the latter half of the 19th century. Virchow (1863) considered that the frequent presence of lymphoreticular cells in human tumours reflected the origin of cancer at sites of previous chronic inflammation. Waldeyer (1872) , among others, supported this idea and suggested that some local disturbance of connective tissue was an essential Accepted 15 July 1974 prelude to tumour growth. This concept persisted for many years.
The general opinion showed a marked change at the turn of the century. The first acceptably documented reports of spontaneous regressions of human tumours appeared and there was increasing interest in the host responses in animal tumour models. Handley's view (Handley, 1907) , that " round cell infiltration in malignant melanomata indicated a "regressive process " was reinforced by Wade's poetic description of a regressing canine sarcoma -" The tumour is borne away on a lymphocyte tide . . . " (Wade, 1908) . Further evidence that lymphoreticular infiltration in human neoplasms might have a defensive basis was obtained with other animal models. A detailed cytological analysis of tumour grafts in pretreated immune mice led Da Fano (1912) to conclude that peritumoral accumulation of lymphocytes and plasma cells was an expression of a defence mechanism akin to immunity. This view was strongly supported by Murphy (1926) .
Advances in carcinogenesis coincided with a decline in support for the idea that simple chronic inflammation was a prerequisite for tumour growth. Many authors considered that lymphoreticular cells accumulated in tumours as a response to necrosis (Greenough, 1925; Dawson and Tod, 1934; Innes, 1934) . The other more widely held view was epitomized by Ewing-" Inflammatory reaction frequently meets the invasion of tumour cells ... and must be regarded as a defensive process " (Ewing, 1940) .
PROGNOSTIC ASSOCIATIONS
Strong corroboration for the defensive nature of the local lymphoreticular response to human tumours may be provided by the reported positive association with improved prognosis. Despite the rather weak association in the original reports of MacCarty (MacCarty and Mahle, 1921; MacCarty, 1922; Sistrunk and MacCarty, 1922 ) the basic alliance has been confirmed repeatedly. Over 30 publications since 1921, dealing with nonlymphoid tumours, can be traced in which the association has been sought for and adequately documented. Of these, all but a few confirmed the prognostic advantage of dense lymphoreticular infiltration. These data are summarized in Table I .
No general agreement exists about the relative contribution of different cells to the prognostic association. Most authors have described the infiltrating cells as lymphocytes, round cells or inflammatory cells. Schoch (1926) and Yoon (1959) placed most emphasis on eosinophils, while Graham and Graham (1966) reported that mast cells were important in carcinoma of the cervix. Berg (1959) considered that peripheral plasma cell infiltrates conferred a beneficial prognosis in breast carcinoma. No authors specifically mention the role of macrophages, probably because it is difficult to identify these cells with confidence by light microscopy of conventionally stainedtissue sections.
Apart from seminomata, it is uncommon to find granulomata either in the stroma of tumours or in regional nodes, and insufficient cases have been studied from the prognostic viewpoint. The possible significance of stromal and nodal granulomata in relation to cancer and sarcoidosis is discussed by Gresham and Ackerley (1958) .
Although the published results seem to indicate a strong positive relationship between infiltration and survival, there may be a tendency for the true position to be biased by any reluctance to publish, or submit for publication, negative or inconclusive results. This problem is highlighted by a recent multicentre study (Morrison et al., 1973) Histochemical examination of human tumours has shown that variable numbers of macrophages are distributed evenly throughout the stroma of most neoplasms (Monis and Weinberg, 1961) . Their close spatial relationship to tumour cells in malignant melanoma has been emphasized by Burg and Braun-Falco (1972) .
Infiltrating lymphoreticular cells are rarely mentioned in electron microscopic studies of human tumours. The ultrastructure of the cellular response to neoplasia is the subject of a detailed review elsewhere .
Close juxtaposition of the cell membranes of seminoma cells with those of infiltrating lymphocytes and plasma cells is mentioned by Pierce (1966) in his ultrastructural study of testicular neoplasms. Goldenberg, Goldenberg and Sommers (1969) an ingenious attempt to equate lack of infiltration with poor survival.
Crystalline inclusions in the cytoplasm of lymphocytes infiltrating a single basal cell carcinoma of skin were described by Friedmann, Michaels and Bird (1971 (Underwood, 1973) . Richters, Sherwin and Richters (1971) have made a semiquantitative analysis of lymphocyte interactions in cultures of normal lung and lung cancers and claimed that, although special interactions (e.g. emperipolesis, clustering) were uncommon, they were more characteristic of tumour cells than of other cells. Mitotic lymphocytes are less common in lung tumour cultures compared with cultures of normal lung tissue (Richters and Sherwin, 1965) .
There is no indication that the indigenous lymphoreticular cells in prinmary tumour cultures are actively cytotoxic towards neoplastic cells. This was affirmed by Nairn et al. (1971a, b) for skin and colon cancer, even when cytotoxic lymphocytes were present in the peripheral blood. A more detailed investigation involving partial separation of the stromal lymphocytes by passage of cell suspensions from tumours through a column, followed by culture of the effluent fractions, has confirmed this lack of cytotoxic activity (Nind et al., 1973) . Lymphocytes in central regions of some human tumours show low uptake of tritiated thymidine (Lieb and Lisco, 1966) , but lymphocytes in malignant serous effusions are reported to exhibit a normal response to mitogenic stimulation with phytohaemagglutinin (Cardozo and Harting, 1972 High tissue levels of IgG have been reported in breast carcinomata densely infiltrated by lymphocytes and plasma cells (Roberts et al., 1973) . It is reasonable to suppose that some of this immunoglobulin is synthesized locally, probably by the infiltrating plasma cells, but its specificity is unknown.
IMMUNOLOGICAL ASPECTS
This section deals with reports seeking a relationship between lymphoreticular infiltration and tumour specific immune reactivity.
There are conflicting accounts of delayed hypersensitivity responses to intradermal injections of tumour extracts. Grace and Kondo (1958) and Stewart (1969) observed positive responses in patients whose tumours bore dense infiltrates of lymphocytes and plasma cells. In contrast, Hughes and Lytton (1964) found no correlation between tumour histology and skin responses. An important criticism of these studies is that the injected preparations were relativelv impure, consisting of mixed extracts of both tumour cells and infiltrating stromal components. It is not clear, therefore, whether the responses were elicited by tumour specific antigens or by inflammatory mediators derived from the infiltrating cells. Current work with purified tumour antigens should clarify this.
Cellular responses to cryostat sections of autologous breast cancer tissue mounted in " skin windows " have been described by Black and Leis (1971) . A positive response, typified by distinctive "basophil associated mononuclear cell aggregates", was restricted to patients with limited disease, reactive regional lymph nodes or lymphoreticular infiltration in the primary neoplasm.
Some correlation might be expected between lymphoreticular infiltration and the presence of cytotoxic antibody or lymphocytes in the peripheral blood. Surprisingly, the histology of the tumour, other than its histogenetic type, is seldom mentioned in these studies. Among the rare exceptions is the investigation by Stjernsward et al., (1970) of lymphocytotoxicity in hypernephroma patients; no correlation with lymphoreticular infiltration was found. Nind et al. (1973) observed that negative blood lymphocytotoxicity to autologous colonic cancer cells was often associated with diffuse stromal infiltrates of lymphocytes, plasma cells and eosinophils. Lymphocyte positive cases sometimes displayed perivascular aggregates of small lymphocytes, never seen in negative cases. Saxen and Penttinen (1965) found that suspensions of HeLa cells were clumped more commonly by serum from cancer patients than by serum from normal individuals, and the effect was most marked with serum from patients with densely infiltrated tumours. Clearer understanding of the significance of lymphoreticular infiltration in human tumours might be derived from comparison with animal tumour models in which the local host response has been modified experimentally.
In ascites tumours, the local cellular response in immune animals is predominantly due to macrophages and, in mice, there is compelling ultrastructural evidence that the macrophages actively ingest and destroy live tumour cells (Journey and Amos, 1962; Chambers and Weiser, 1972) . The involvement of basophils in the cellular response to ascites tumours in immune guinea-pigs (Dvorak, Dvorak and Churchill, 1973) illustrates the interspecies variation that may occur. This impedes a direct analogy between animal experiments and the human situation. Histologically, serially transplantable solid animal tumours do not appear to bear lymphoreticular infiltrates of comparable density with the infiltrates in spontaneous human neoplasms. It now seems certain, however, that they do often contain significant numbers of glass adherent macrophages (Evans, 1972) . The presence of mature stimulated macrophages in one of two histologically similar transplantable hamster lymphomata, des-cribed by Birbeck and Carter (1972) , was associated with a failure to metastasize. Destruction of tumour cells by the macrophages was not, however, observed. Fisher and Fisher (1972) have examined a model which is somewhat analogous to the human situation. Transplantation of tumours induced by methylcholanthrene beneath the renal capsule of allogeneic and immune syngeneic rats induced dense lymphocytic infiltration at the tumourkidney interface. Macrophages were inconspicuous. However, despite the intimacy of the lymphocytes and tumour cells, there was no ultrastructural evidence of cell mediated cytotoxicity.
A model in which the impaired growth of a transplantable tumour in pretreated rats was accompanied by lymphoreticular infiltration has been reported recently . Live tumour cells were injected into the footpads of rats which had been locally pretreated with killed cells. Electron microscopy of the densely infiltrated and retarded tumours which resulted showed features that were consistent with the view that activated macrophages ingested and destroyed live tumour cells. Deep invagination of both macrophage and tumour cell cytoplasm by lymphocyte processes suggested that lymphocytes might be indirectly involved in the process (Evans and Alexander, 1972) . LYMPHOMATA Lymphomata must be considered separately because of the inherent difficulties in distinguishing the responding lymphoreticular cells from the indigenous neoplastic or non-neoplastic population in lymphoid organs. As such, this section deals almost exclusively with Hodgkin's disease, since it is widely believed that at least some of the lymphocytes in the lesions may be part of a response analogous to that which occurs in non-lymphoid solid neoplasms. The composition of the affected tissue, particularly the lymphocyte content, is closely related to the course of the disease (Rosenthal, 1936) and is the basis for contemporary histological classifications (Table II) . This strong prognostic association has encouraged the view that the lymphocyte in Hodgkin's disease may counteract a neoplastic element.
Interactions between the lymphocytes and other cells in Hodgkin's lesions have only recently been sought by electron microscopy. Quantitative ultrastructural analysis of biopsies from the nodular sclerosing form of the disease has been claimed to show a significant correlation between tightness of lymphocyte apposition to Reed-Sternberg cells and microscopic cytotoxic changes in the latter (Archibald and Frenster, 1973) .
Giant cells often develop in short term cultures of Hodgkin's tissue, a phenomenon which has attracted a fair amount of attention since it was first observed by Lewis and Webster (1921) despite the fact that it is not specific for Hodgkin's disease. Most of these giant cells are probably the result of fusion of macrophages and simply reflect the presence in the tissue of macrophages capable of reacting to the foreign culture surface in this way. More recently, the cellular interactions in these cultures have attracted some interest. Emperipolesis is common (Dreyer, Shullenberger and Dmochowski, 1964) but this also is not an event which is peculiar to neoplastic lymphoid tissues (loachim, 1965) . Sinkovics et at. (1970) have alleged that some of the indigenous lymphocytes in Hodgkin's cultures exert a toxic effect on fibroblast-like cells, an interaction clearly distinct from emperipolesis. Ultrastructural examination of similar cultures has confirmed rare, close, spatial associations between lymphocytes and degenerate cells (Underwood, 1973) Although necrosis is undoubtedly in part responsible for the infiltrate in some tumours, particularly by polymorphs, there remains a substantial proportion of neoplasms that elicit a lymphoreticular infiltrate independently of necrosis.
It has been suggested that lymphoreticular cells may actually favour or accelerate tumour growth, while accepting that under other circumstances they may be defensive. Both Humble et al. (1956) and Kelsall and Crabb (1959) lent support to the trephocyte theory of lymphocytes in relation to tumour growth, evidence for which is almost exclusively based on Carrel's (1922) experiments on the growth promoting properties of leucocytes in vitro. Recently, Prehn (1972) has argued that a weak cell mediated immune response may actually accelerate tumour growth although it is not clear whether a persistent stromal relationship between lymphocytes and tumour cells is essential for the accelerated growth to be maintained in an established tumour. Compatibility between accelerated tumour growth and improved survival (and, in turn, the association with lymphoreticular infiltration) is difficult to reconcile. Presumably the vessels in the vicinity of a rapidly growing neoplasm might be subjected to the threat of potentially metastatic invasion for a shorter time than with a more slowly growing lesion taking longer to reach the same clinically detectable size. This is purely speculative.
The most favourable circumstances in which to find evidence of an active defensive function for the local lymphoreticular cells would be in spontaneously regressing neoplasms, although it is unlikely that this rare event is always immunologically mediated. However, infiltration was not a constant feature of the compendium of cases described by Everson and Cole (1966) . Similarly, Berg (1971) has remarked upon the bland disappearance of tumour cells in regressing malignant melanomata without infiltration.
In conclusion, two aspects of this subject seem to warrant detailed investi-gation. Firstly, there is very little detailed information about the immunological milieu within human tumours. Although much is known about the interplay between antibody, blocking factors and cytotoxic cells in the peripheral blood, the innate permeability of tumour vessels may limit the relative accessibility of tumour cells to these different components of the immune response. The interaction between blocking factors and cytotoxic cells goes some way to account for the observed disparity between the activity of circulating lymphocytes towards autologous tumour cells and the apparent anergy of the local response. The elaboration of humoral lymphosuppressive factors by human tumours might also account for the impairment of the local response (Edwards, Rowland and Lee, 1973) . Other humoral factors may be responsible for the accumulation of lymphoreticular cells in some tumours, as in a recent report of a lung tumour associated with an eosinophilotactic factor (Wasserman et al., 1974) .
A second area for future study would be an extension of the cell separation approach. Pretlow and his colleagues have now succeeded in separating different populations of viable cells from tumours by density gradient sedimentation (Pretlow et al., 1973) . Examination of the function of these cells might provide a reasonably sound basis for the objective assessment of the early effects of immunotherapy on local lymphoreticular function in solid tumours under experimental and clinical conditions.
